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DESCRIPTION OF THE INVENTION 

Field of the Invention 

[001 ] This invention pertains in general to a semiconductor device, and, 

more particularly, to a bi-directional silicon controlled rectifier. 
Background of the Invention 



[002] A semiconductor integrated circuit ("IC") is generally susceptible to an 
electrostatic discharge ("ESD") event, which may damage or destroy the IC. An 
ESD event refers to a phenomenon of electrical discharge of a current (positive or 
negative) for a short duration, during which a large amount of current is provided to 
the IC. The high current may be built-up from a variety of sources, such as the 
human body. Many schemes have been implemented to protect an IC from an ESD 
event. Examples of known ESD protection schemes are shown in Figs. 1 and 2. 

[003] In deep-submicron complementary metal-oxide semiconductor 
("CMOS") process technology with shallow-trench isolations ("STIs"), a silicon 
controlled rectifier ("SCR") has been used for ESD protection. A feature of an SCR 
is its voltage-holding ability. An SCR can sustain high current and hold the voltage 
across the SCR at a low level, and may be implemented to bypass high-current 
discharges associated with an ESD event. 

[004] Figure 1 is a reproduction of Figure 3 of U.S. Patent No. 5,012,317 to 
Rountre, entitled "Electrostatic Discharge Protection Circuit." Rountre describes a 
lateral SCR structure made up of a P + type region 48, an N-type well 46, a P-type 
layer 44, and an N + region 52. According to Rountre, a positive current associated 
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with an ESD event flows through region 48 to avalanche a PN junction between well 
46 and layer 44. The current then flows from layer 44 to region 52 across the PN 
junction and ultimately to ground, to protect an IC from the ESD event. However, a 
disadvantage of the SCR structure shown in Figure 1 is its susceptibility to being 
accidently triggered by a substrate noise, resulting in device latch-up. 

[005] Figure 2 is a reproduction of Figure 5 of U.S. Patent No. 6,258,634 
(the '634 patent) to Wang, entitled "Method for Manufacturing a Dual-Directional 
Over- Voltage and Over-Current Protection Device and Its Cell Structure." The '634 
patent describes a two-terminal ESD protection structure providing protection 
against both positive and negative ESD pulses that may appear across an anode A 
and a cathode K. When a positive pulse is applied across terminals A and K, 
transistors 140 and 150 turn on. Thereafter SCR 170, defined by p-n-p-n regions 
1 14, 1 16, 1 18 and 120, is triggered into a snap-back mode. Alternatively, when a 
negative pulse is applied between terminals A and K, transistors 140 and 130 turn 
on. Subsequently, SCR 180, defined by p-n-p-n regions 118, 116, 114 and 112, is 
triggered into a snap-back mode. The triggering of SCR 170 or SCR 180 into a 
snap-back mode results in the formation of a very low impedance path between 
terminals A and K to discharge the ESD current. Figure 3, a reproduction of Figure 
6 of the '634 patent, shows the current-voltage characteristic of the ESD protection 
structure disclosed in the '634 patent. However, the structure is formed inside a 
silicon substrate with a deep n-well, and therefore must be manufactured by a 
mixed-mode CMOS process that supports a deep n-well fabrication processing step, 
rather than a general CMOS process. 
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SUMMARY OF THE INVENTION 

[006] In accordance with the invention, there is provided an electrostatic 
discharge protection device that includes a semiconductor substrate, an isolation 
structure formed inside the semiconductor substrate, a dielectric layer disposed over 
the semiconductor substrate and being in contact with the isolation structure, and a 
layer of silicon, formed over the dielectric layer, including a first p-type portion, a first 
n-type portion contiguous with the first p-type portion, a second p-type portion 
contiguous with the first p-type portion and the first n-type portion, a second n-type 
portion, a third p-type portion, a third n-type portion contiguous with the third p-type 
portion, and a fourth p-type portion contiguous with the third p-type portion and the 
third n-type portion, wherein at least one of the first p-type portion, second p-type 
portion, third p-type portion, fourth p-type portion, first n-type portion, second n-type 
portion, and third n-type portion overlaps the isolation structure to provide 
electrostatic discharge protection. 

[007] In one aspect, the layer of silicon further comprises a first buffer 
portion disposed between the second p-type portion and second n-type portion. 

[008] In another aspect, the layer of silicon further comprises a second 
buffer portion disposed between the second n-type portion and third p-type portion. 

[009] Also in accordance with the present invention, there is provided an 
integrated circuit that includes a first terminal, a second terminal, and an electrostatic 
discharge device coupled between the first terminal and the second terminal having 
a semiconductor substrate, an isolation structure formed inside the semiconductor 
substrate, a dielectric layer disposed over the semiconductor substrate and being in 
contact with the isolation structure, and a layer of silicon, formed over the dielectric 
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layer, including a first p-type portion, a first n-type portion contiguous with the first p- 
type portion, a second p-type portion contiguous with the first p-type portion and the 
first n-type portion, a second n-type portion, a third p-type portion, a third n-type 
portion contiguous with the third p-type portion, and a fourth p-type portion 
contiguous with the third p-type portion and the third n-type portion, wherein the first 
p-type portion, second p-type portion, third p-type portion, fourth p-type portion, first 
n-type portion, second n-type portion, and third n-type portion overlap the isolation 
structure, and wherein the first p-type portion and first n-type portion are coupled to 
the first terminal, and the fourth p-type portion and third n-type portion are coupled to 
the second terminal. 

[010] Further in accordance with the present invention, there is provided a 
method for protecting a complementary metal-oxide semiconductor device from 
electrostatic discharge that includes providing a bi-directional silicon controlled 
rectifier in the complementary metal-oxide semiconductor circuit, isolating the bi- 
directional silicon controlled rectifier from a substrate of the complementary metal- 
oxide semiconductor circuit, providing a signal pad coupled to the bi-directional 
silicon controlled rectifier for receiving an electrostatic discharge, and protecting the 
device from the electrostatic discharge with the bi-directional silicon controlled 
rectifier. 

[01 1] Additional objects and advantages of the invention will be set forth in 
part in the description which follows, and in part will be obvious from the description, 
or may be learned by practice of the invention. The objects and advantages of the 
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invention will be realized and attained by means of the elements and combinations 
particularly pointed out in the appended claims. 

[01 2] It is to be understood that both the foregoing general description and 
the following detailed description are exemplary and explanatory only and are not 
restrictive of the invention, as claimed. 

[01 3] The accompanying drawings, which are incorporated in and 
constitute a part of this specification, illustrate several embodiments of the invention 
and together with the description, serve to explain the principles of the invention. 



[014] Figure 1 shows a cross-sectional view of a known silicon controlled 
rectifier structure formed in an integrated circuit; 

[01 5] Figure 2 shows a cross-sectional view of another known silicon 
controlled rectifier structure formed in an integrated circuit; 

[01 6] Figure 3 shows the current-voltage characteristic of the silicon 
controlled rectifier structure shown in Figure 2; 

[01 7] Figure 4 shows a layout of a bi-directional SCR structure in 
accordance with one embodiment of the present invention; 

[01 8] Figure 5 shows a perspective view of the bi-directional SCR structure 
shown in Figure 4; 

[01 9] Figure 6 shows a layout of a bi-directional SCR structure in 



[020] Figure 7 shows a perspective view of the bi-directional SCR structure 



BRIEF DESCRIPTION OF THE DRAWINGS 



FINNECAN 
HENDERSON 
FA R A BOW 
CARS E TT & 
DUNNER lif 



accordance with another embodiment of the present invention; 



1300 I Street, NW 
Vashington, DC 20005 



shown in Figure 6; 



202.408.4000 
Fax 202.408.4400 
www.finnegan.com 



6 



FINNECAN 
HENDERSON 
FA R A BOW 
CAR RETT* 
DUNNER Ltf 

13001 Street NW 
Washington, DC 20005 
202.408.4000 
Fax 202.408.4400 
www.finnegan.com 



[021] Figure 8 is a circuit diagram of an ESD protection circuit using a bi- 
directional SCR of the inventions; and 

[022] Figure 9 is another circuit diagram of an ESD protection circuit using 
a bi-directional SCR of the invention. 

DESCRIPTION OF THE EMBODIMENTS 

[023] Reference will now be made in detail to the present exemplary 
embodiments of the invention, examples of which are illustrated in the 
accompanying drawings. Wherever possible, the same reference numbers will be 
used throughout the drawings to refer to the same or like parts. 

[024] In accordance with the present invention, there is provided a bi- 
directional SCR formed in a silicon layer for ESD protection. The SCR may also be 
formed in a polysilicon layer (PSCR). The SCR or PSCR of the present invention is 
disposed over shallow trench isolations ("STIs") and is therefore electrically isolated 
from the substrate. Accordingly, the SCR or PSCR of the present invention is 
insensitive to substrate noise. Although the embodiments the SCR of the present 
invention are generally described as having been formed in a layer of polysilicon, 
one skilled in the art would understand that the SCR of the present invention may 
also be formed in a layer of silicon, such as in a silicon-on-insulator IC. 

[025] Figure 4 shows a layout of a bi-directional SCR structure consistent 
with one embodiment of the present invention. Referring to Figure 4, an SCR 200 
includes a first p-type portion 201 , a first n-type portion 202 formed contiguous with 
the first p-type portion 201 , a second p-type portion 203 formed contiguous with the 
first p-type portion 201 and the first n-type portion 202, a second n-type portion 204 
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contiguous with the second p-type portion 203, a third p-type portion 205 contiguous 
with the second n-type portion 204, a third n-type portion 206 and a fourth p-type 
portion 207 formed contiguous with the third p-type portion 205 and both contiguous 
with the third n-type portion 206. The SCR 200 is formed in a polysilicon layer 212. 
A resistance protection oxide (RPO) layer 210 may be formed over the SCR 200 to 
prevent polycide growth on the SCR 200. 

[026] Figure 5 shows a perspective view of the SCR 200. Referring to 
Figure 5, the SCR 200 is disposed over a dielectric layer 218. The dielectric layer 
218 may be a gate dielectric layer and is disposed over an STI region 216 formed in 
a semiconductor substrate 214. In one embodiment of the invention, the 
semiconductor substrate 214 is a p-type substrate. The SCR 200 is electrically 
isolated from the semiconductor substrate 214 and therefore immune from substrate 
noise. 

[027] Figure 6 shows a layout of a bi-directional SCR structure consistent 
with another embodiment of the present invention. Referring to Figure 6, an SCR 
200 includes a first p-type portion 201 , a first n-type portion 202 formed contiguous 
with the first p-type portion 201, a second p-type portion 203 formed contiguous with 
the first p-type portion 201 and the first n-type portion 202, a second n-type portion 
204, a third p-type portion 205, a third n-type portion 206 and a fourth p-type portion 
207 formed contiguous with the third p-type portion 205 and both contiguous with the 
third n-type portion 206. 

[028] The SCR 200 additionally includes a first buffer portion 208, and a 
second buffer portion 209. The first buffer portion 208 is disposed between and 
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contiguous with the second p-type portion 203 and second n-type portion 204. In 
one embodiment, the first buffer portion 208 is doped with an n-type dopant and has 
a doped concentration lower than any of the f irst n-type portion 202, second n-type 
portion 204, or the third n-type portion 206. In another embodiment, the first buffer 
portion 208 is doped with a p-type dopant and has a doped concentration lower than 
any of the first p-type portion 201 , second p-type portion 203, third p-type portion 
205, or fourth p-type portion 207. In yet another embodiment, the first buffer portion 
208 is undoped, i.e., intrinsic silicon. 

[029] Referring again to Figure 6, the second buffer portion 209 is disposed 
between and contiguous with the second n-type portion 204 and third p-type portion 
205. In one embodiment, the second buffer portion 209 is doped with an n-type 
dopant and has a doped concentration lower than any of the first n-type portion 202, 
second n-type portion 204, or third n-type portion 206. In another embodiment, the 
second buffer portion 209 is doped with a p-type dopant and has a doped 
concentration lower than any of the f irst p-type portion 201 , second p-type portion 
203, third p-type portion 205, or fourth p-type portion 207. In yet another 
embodiment, the second buffer portion 209 is undoped. 

[030] In operation, the SCR 200 with the first buffer portion 208, second 
buffer portion 209, or both of buffer portions 208 and 209, suppresses junction 
leakage current of the SCR 200 due to the difference in dopant concentration levels 
across the first buffer portion 208 or second buffer portion 209. 

[031] A perspective view of the SCR 200 is shown in Figure 7. Referring to 
Figure 7, the SCR 200 is disposed over a dielectric layer 218. The dielectric layer 
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218 is disposed over an STI region 216 formed in a semiconductor substrate 214. 
The SCR 200 is electrically isolated from the semiconductor substrate 214 and 
therefore immune from substrate noise. 

[032] The bi-directional SCR of the present invention includes two 
terminals, across which an ESD current may flow. A first terminal is coupled to both 
the first p-type portion 201 and first n-type portion 202, and a second terminal is 
coupled to both the fourth p-type portion 207 and third n-type portion 206. In one 
embodiment, one terminal of the SCR is coupled to a voltage source, either a high 
voltage source VDD or a low voltage source VSS, and the other terminal is coupled 
to a signal pad for receiving an ESD current. Alternatively, one terminal is coupled 
to the high voltage source VDD and the other terminal is coupled to the low voltage 
source VSS. In yet another embodiment, one terminal is coupled to a first signal 
pad and the other terminal is coupled to a second signal pad. In operation, when an 
ESD event appears at one of the two terminals, a first SCR, comprising the first p- 
type portion 201 , second p-type portion 203, second n-type portion 204, third p-type 
portion 205, and third n-type portion 206, functions to bypass a positive event from 
the first terminal to the second terminal, or a second SCR, comprising the fourth p- 
type portion 207, third p-type portion 205, second n-type portion 204, second p-type 
portion 203, and first n-type portion 202, functions to bypass a negative event from 
the second terminal to the first terminal. 

[033] The bi-directional SCR of the present invention may also be 
implemented in a silicon-on-insulator (SOI) CMOS integrated circuit. In an SOI 
CMOS device, an insulator is disposed over a semiconductor substrate. The bi- 
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directional SCR of the present invention is then formed over the insulator in a silicon 
or polysilicon layer, with all of the embodiments described above and shown in 
Figures 4-7. 

[034] In operation, the insulator isolates devices in an SOI integrated 
circuit. Therefore, a method to protect a silicon-on-insulator device from electrostatic 
discharge includes providing a signal to the device through an SOI circuit. A bi- 
directional silicon controlled rectifier is then provided in the SOI circuit and isolated 
from a substrate of the SOI circuit. The polysilicon controlled rectifier then protects 
the SOI device from electrostatic discharge. 

[035] Figure 8 is a circuit diagram of an ESD protection circuit with two bi- 
directional SCRs, BD ESD Clamp 1 and BD ESD Clamp 2. Referring to Figure 8, 
each bi-directional SCR serves as a bi-directional ESD clamp to conduct an ESD 
current between an input pad and a designed ESD path. In operation, when an ESD 
event is applied to the input pad with the VSS relatively grounded, the ESD current 
triggers the BD ESD clamp 1 , and the ESD current is conducted to ground by the BD 
ESD clamp 1 . 

[036] The bi-directional SCR silicon controlled rectifier may additionally be 
implemented in ESD clamp circuits inside a high-voltage tolerant I/O circuit as 
shown in Fig. 9. Such high-voltage tolerant I/O circuits are known and have been 
described in "A Versatile 3.3/2.5/1 .8-V CMOS I/O Driver Built in a 0.2-/zm, 3.5-nm 
Tox, 1.8-V CMOS Technology," by Sanchez et al., IEEE Journal of Solid-State 
Circuits, Vol. 34, No. 11, pp. 1501-11 (Nov. 1999), and "High-Voltage-Tolerant I/O 
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Buffers with Low-Voltage CMOS Process," by Singh et al, Id. at pp. 1512-25, and 
are incorporated by reference. 

[037] Therefore, the present invention also includes a method for protecting 
a CMOS semiconductor device from electrostatic discharge. The method provides a 
signal to the device through a CMOS circuit and a bi-directional silicon controlled 
rectifier in the complementary metal-oxide semiconductor circuit. The bi-directional 
silicon controlled rectifier is isolated from a substrate of the CMOS device. 

[038] Other embodiments of the invention will be apparent to those skilled 
in the art from consideration of the specification and practice of the invention 
disclosed herein. It is intended that the specification and examples be considered 
as exemplary only, with a true scope and spirit of the invention being indicated by 
the following claims. 
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